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REMARKS 

Applicants have amended the claims to include a method claim to the method 
aspect of the presently claimed invention as fully supported by Applicants' specification. 
In this regard, the Examiner's attention is directed to pages 5 and 6 of Applicants' 
disclosure. As note in the first full paragraph at page 6, to control the stability of the 
elastic limit ratio without fine wound deformation in the wire, elastic limit ratio rollers with 
a ratio D/d of 40 to 60 are necessary immediately following the vertical and transverse 
rollers shown. The presentation of claim 3 does not represent a separate invention as 
it includes the limitations from claim 2 which has been searched. There is no undue 
burden on the Examiner to consider the method at this stage in the prosecution. 
Applicants most respectfully submit that all the claims now present in the application are 
in full compliance with 35 U.S.C. 1 1 2 and are clearly patentable over the references of 
record. 

The rejection of claims 1 and 2 under 35 U.S.C. 103(a) as being unpatentable 
over Shneerov et al. and Gary has been carefully considered but is most respectfully 
traversed. Applicants most respectfully submit that the combination of references does 
not establish a prima facie case of obviousness of the claimed invention, f 

Applicants wish to direct the Examiner's attention to the basic requirements of 
a prima facie case of obviousness as set forth in the MPEP § 2143. This section states 
that to establish a prima facie case of obviousness, three basic criteria first must be 
met. First, there must be some suggestion or motivation, either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the art, to 
modify the reference or to combine the reference teachings. Second, there must be a 
reasonable expectation of success. Finally, the prior art reference (or references when 
combined) must teach or suggest all the claim limitations. 

The teaching or suggestion to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, not in applicant's disclosure. 
In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991). 
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Section 2143.03 states that all claim limitations must be taught or suggested by 
the prior art. In re Royka, 490 F.2d 981 , 180 USPQ 580 (CCPA 1974). "All words in a 
claim must be considered in judging the patentability of that claim against the prior art." 
In re Wilson. 424 F.2d 1382, 1385, 165 USPQ 494, 496 (CCPA 1970). If an 
independent clairn^ is nonobvious under 35 U.S.C. 103, then any claim depending 
therefrom is nonobvious. In re Fine, 837 F.2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). 

Applicants also most respectfully direct the Examiner's attention to MPEP § 
2144.08 (page 2100-1 14) wherein it is stated that Office personnel should consider all 
rebuttal argument and evidence present by applicant and the citation of In re Soni for 
error in not considering evidence presented in the specification. 

Applicants most respectfully submit that the presently claimed invention includes 
an arc welding solid wire whose surface comprises a copper plated film, wherein the 
elastic limit ratio (elastic limit/tensile strength) of the wire finally produced is controlled 
in the range between 50 and 88%, as claimed in claim 1 . 

Also, the invention claimed in claim 2 is that in the arc welding solid wire of claim 
1 , the elastic limit ratio is controlled by installing three to eight limit ratio control vertical 
rollers and three to eight limit ratio control transverse rollers which have a ratio D/d 
equal to 40 to 60 (where D is roller diameter and d is wire diameter) following coil 
control vertical and transverse rollers after final drawing. Claim 3 is more specifically 
to the method to produce the wire having a unique combination of properties using the 
roller ratio from claim 2. 

The arc welding solid wire according to the present invention has mechanical 
property such as the elastic limit ratio (elastic limit/tensile strength) controlled in the 
range between 50 to 80%. This range is not suggested in the prior art and the 
importance of the range can be seen from Table 1 in Applicants specification. 

As noted on page 3 of Applicants* specification to achieve the objectives of the 
present invention, wire feeding performance was closely examined from a new point of 
view. That is, the coil properties of a solid wire which is set free after extraction from the 
reel or the pail pack were compared with the coil properties when the wire is cut after 
the solid wire is freely fed from the welding tip portion with the welding stopped. From 
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this, it was discovered that wire extracted from the welding tip portion wherein the coil 
properties are in the specific predetermined range, has good stability and can be used 
in the welding with a good bead. Thus, the present invention is achieved by the 
discovery that the good stability is closely related to the elastic limit ratio (elastic limit: 
tensile strength) of the wire. 

As further noted at the bottom of page 4 of Applicants' specification, as shown 
by the graphs in Fig. 3, solid wire is easily bent and there is a large change in the 
linearity of the wire or the diameter of free coil in proportion to the decrease in the 
elastic limit ratio. This disclosure shows for the first time that, contrary to such a 
tendency, welding performance is good when the elastic limit ratio is between 50 and 
88%. The specification continues to discuss the discovery of the invention. Applicants 
wish to point out that the focus of Section 103 obviousness grounds must be whether 
the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the 
invention was made. Discovery of the problem is part of the subject matter as a whole 
inquiry and determination. See In re Kaslow 217 USPQ 1089 (CAFC). Clearly, there 
is no suggestion of the problem which Applicants' have discovered nor the solution as 
set forth in the presently claimed invention. 

In this regard, the data presented in Applicants' specification must be taken into 
consideration (see in particular Table 1) which clearly demonstrates the importance of 
the claim limitations which are clearly not suggested by the prior art. Obvious to try is 
not the standard of obviousness under 35 U.S.C. 103. 

Moreover, Applicants' specification may not be used as a teaching reference to 
arrive at the presently claimed invention from the prior art. In re Fritch, 23 USPQ 1780, 
1784(Fed Cir. 1992) ("It is impermissible to engage in hindsight reconstruction of the 
claimed invention, using the applicant's structure as a template and selecting elements 
from references to fill the gaps.). 

More particularly, Shneerov et al. *212 discloses a wire for welding having the 
ultimate strength that ranges from 830 to 1 320 MPa, and Gary discloses the mechanical 
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properties that range from 450 to 830 MPa for tensile strengths and 390 to 740 MPa for 
yield strengths, cited by the Examiner. 

However, the mechanical properties in Gary is not those of an welding wire but 
those of workpieces, which are welded by shielded metal arc welding (SMAW) 
electrodes listed in American Welding Society (AWS) and then tested. (See American 
Society Mechanical Engineers (ASME), copy enclosed.) 

Also, as known from the above description, the mechanical property used in the 
present invention is the elastic limit ratio (elastic limit/tensile strength) as known from 
claim 1 , but the mechanical properties used in Shneerov et al. and Gary are the ultimate 
strength, the tensile strength and the yield strength, respectively. 

Therefore, the present invention is fully different from Gary, because Gary uses 
value obtained simply dividing the yield strengths into tensile strengths and the present 
invention uses the elastic limit ratio obtained by dividing the elastic limit into the tensile 
strength and controlled by the elastic limit control rollers. In addition, the ratio ranges 
of Shneerov et al. and Gary are within 10%, but the elastic limit used in the present 
invention can be controlled by approximately 40% using the elastic limit control rollers. 

Accordingly, Applicants believe that the claims of the present invention are not 
obvious to one of ordinary skill in the art to which the invention pertains, and it is most 
respectfully requested that the rejection of claims 1 and 2 be withdrawn. 

In view of the above comments, favorable reconsideration and allowance of all 
of the claims now present in the application are most respectfully requested. 
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SPECIFICATION FOR CARBON STEEL ELECTRODES 

FOR SmglJDjEDJVgTAL ARC WELDING CSM^'^) 



SFA-5.1/ 

(Identical with AWS Specification A5.1-9I) / 




1. Scope 

This specification prescribes requirements for the 
classification of carbon steei electrodes for shielded 
metal arc welding. 



Certification 

By affixing the AWS specification and classification 
des.gnat,ons to the packagings. or the classification to 
the product, the manufacturer certifies that the product 
meets the requirements of this specification ^ 



PART A — GENERAL REQUIREMENTS 
2. Classification 

2.1 The welding electrodes covered by this specifica- 
tion are classified according to the following: 

(!) Type of current (see Table 1) 
(2) Type of covering (see Table 1) 
(i) Welding position (see Table 1) 
{4) Mechanical properties of the weld metal in the 
as-welded or aged condition (see Tables 2 and 3) 

2.2 Materials classified under one classification shall 
not classified under any other classification of this 
Jr^^n?o°"' '"''"P' E701SM may also be classified 
as E70I8 provided the electrode meets all of the 
requirements of both classifications 



3- Acceptance 

°^ ^^''''"8 electrodes shall be in 
accordance with the provisions of the ANSI/AWS 
'^:>-UI, Filler Metal Procurement Guidelines^ 

testi'nVof fh'"*"'"' • informnuon concerning occcp.- 

^ Procurement Cuidehnes, 

SsTn Z^TT ""a^ ^'""^ "«= Welding Society 

N.W. LeJcunc Road. P.O. Bo. 351040. Miami. Florid. 33125. 



5. 



Units of Measure and Rounding-Off 
Procedure 



5.1 U.S. Customary Units are the standard units of 
measure m this specification. The SI Units are given 
as equivalent values to the U.S. Customary Units The 
standard sizes and dimensions in the two systems are 
not Identical, and for this reason, conversion from a 
standard size or dimension in one system will not 
always coincide with a standard size or dimension in 
the other. Suitable conversions, encompassing standard 
sizes of both, can be made, however, if appropriate 
tolerances are applied in each case. 

5.2 For the purpose of determining conformance with 
this specificauon. an observed or calculated value shall 
be roundel to the "nearest unit" of the last right-hand 
place of figures used in expressing the limiting value 
in accordance with the round-off method of ASTM 
Practice E29 for Using Significant Digits in Test Data 
to Determine Conformance with Specifications.* 



'See A4 (in *e Appendix) for further information concemine cenifi 
ca„on and the testing called for to meet this require,r,e™^ 
Tr^Jn'^ '""dards can be obtained from the American Society for 
PA r9«8 2«9""''^- "••'"-^ .W«' Conshoh<:c'«n: 
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. AWS 
Classificatron 



E6010 
E60I1 
E6012 
E6013 
E6019 

E6020 



E6022*= 
E6027 



E7014 
ETOIS** 

Eyoib'* 

E7618*** 

E7018M 
E7024*' 

E7027 



E7028^ 



£7048*^ 



TABLE 1 
_£j£ CTRODE CLASSIF ICATION 



Type of Covering 



High cellulose sodium 
High cellulose potassium 
High titania sodium 
High titania potassium 
Iron oxide titania potassium 

High iron oxide 



High iron oxide 

High iron oxide, iron powder 

Iron powder, titania 

Low hydrogen sodium 

Low hydrogen potassium 

Low hydrogen potassium, iron 

powder 
Low hydrogen iron powder 
Iron powder, titania 

High iron oxide, iron powder 

Low hydrogen potassium, iron 
powder 

Low hydrogen potassium, iron 
powder 



Notes: 

a. The abbreviations Indicate the welding positions as follows: 

H = Horizontal 

H-filiets = Horizontal fillets 

VKiown = Vertical With downward progression 



V = Vertical 
OH = Overhead 



JWelding Position^ 



V, OH, H 
' f^, V, OH, H 
V, OH, H 
P. V, OH, H 
V, OH, H 



l-fillets 

F, H 
^-fillets 



V, OH, H 
f^/ V, OH, H 

V, OH, H 
F, V, OH, H 

F. V, OH, H 
H-fillets, F 



{"■ 



-fillets 
H-fi)let5, F 



F, V, OH, H, 
V-down 



Type of 
Current** 



deep 

ac or deep 
ac or dcen 
ac, deep or dcen 
ac, deep or dcen 

ac or dcen 

ac, deep or dcen 

ac or dcen 

ac or dcen 

ac, deep or dcen 

ac, deep or dcen 
deep 

ac or deep 
ac or deep 

deep 

ac, deep or dcen 

ac or dcen 

ac, dcep^^or dcen 



ac or deep 
ac or deep 



b The term »d " -'^-^o, c/uia, and E7018M. 

Cdc, straight polarity"'"' '"''"^ ^"^^^"^ ^'-^-^^ Positive (de, reverse polarity) The term ^^dcen'' f . 
c- Electrodes of the E6022 ela..Ifir.r ^ V^- ' term dcen refers to d.rect current electrode negative 

Electrodes with suXenu'^a ion'^;"^^^^^^^^^^^ '^T'^- only, 
as Shown m Xa.les 2, 3, .0, and n.^ ^^^-^ — d moisture, and diffusihie hydrogen requirements may t>e further identified 



AWS 
Classification 



£6011 
E6012 
E6013 
E6019 
E6020 
£6022** 
E6027 

E7014 
E7015 
E7016 
E7018 
E7024 
£7027 
E7028 
E7048 
E7018M 



"l-^PECinCATIONS FOR WELDING RODS 
ELECTRODES. AND FILLER METALS 

TABLE 2 

TENSION TEST REQUIR EMENT.q^Ac 



SFA-5.I 



;:TensiIe -Strength' 



ksi 



-Yield Strength at -0,2% Offset 



MPa 



ksi 



60 
60 
60 
60 
60 
60 
60 
60 

70 
70 
70 
70 
70 
70 
70 
70 

note g 



414 
414 
414 
414 
414 
414 
414 
414 



482 
482 
482 
48f 
482 
482 
482 
482 
482 



MPA 



48 
48 
48 
48 
48 
48 

43 



not specified 



331 
331 
331 
331 
331 
331 




331 

399 
399 
399 
399 
399 
399 
399 
399 

365-496' 



Notes: ' 

a. See Table 4 for sizes to be tested ' ' 

c." S~3%^:,l^r^''^^<^ -'"^ - ^P-"'- in XX.3. 

n:rrorL';?S,rj.'' - - , an. . ,00.1.... ,..e. .end tes. as spec^.e. i <- 

e. weld n,eta. from electrodes identified as E7024-1 shall hav. , • 

<■ For V„ in. (2.4 mm) electrodes the maxiniumV 1l e'ongation of 22% minimum. 

^ ^--•|-tren9thofthiswe.dm";^'rs~'^,7;*,'sii;^^^^ MPa,. 



Elongation in 
2 in. (50.8 mm) 
Per cent 

22 
22 
17 
17 
22 
22 

not specified 
22 

17 

22 

22 

22 

17' 

22 

22 

22 

24 



Bend Test, and 



It^^ ^ ~ "^^TS, PROCEDURES, AND 
REQUIREMENTS 

6- Summary of Tests 

in ?able ? T'""" ^^'^^i^"'-" specified 

sound 1 =°'^P°^"ion, nnechanical properties. ar,d 
ow hydrogen electrode covering; and the usability of 
Ses tS -.J"^ -'^ - - 

y^lrogen ,n Section 17. Diffusible Hydrogen Test are 
ZZTer' Of the lot hydrogen 

See It.""'; -'^-e these are required, 

•^ee Notes j and n of Table 4. 



7. Retest 

If the results of any tests fail to meet the requirement 
hat test shall be repeated twice. The resuUs ofZh 
T I'"'.'"'" requirement. Specimens for reVest 
may be taken from the original test assembly or from 

ttTell re;t:er"^ ^'^'"^"'^ ^"^^ ^^^'^^ ^ 



8. 



Weld Test Assemblies 



.ss!mh?"'' fi-^ ^eld test 

assemblies are required. 

ofVhl^H r'i ''''' ^'2- • chemical analysis 
of the undiluted weld metal 

(2) -n^e groove weld in Fig. 2 for mechanical proper- 
ties and soundness of the weld metal 

(.?) The fillet weld in Fio 7 r^^r ^ 
electrode °' '^^ "sab.hty of the 
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WELD METAL 



L. LENGTH (SEE NOTE 9) 
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W. WIDTH 
(SEE NOTE 9) 




H. HEIGHT 
(SEE NOTE 9) 



BASE METAL 



Kk>tes: 

in Tabte 4 c*»«.hcaborB identified by note L 

5- The number and si2e of thi» . ^ 

7. The sJag Shan be removed »f,er each pass 

« leas, IM^S 4 nSr^f '^'^^ 
surface. onfl^ base metal 



FIG. 1 



PAD FOR CHEMICAL ANALYST': np 
UNDILUTED WELD METAL 



LughTi:"" Sections 9 

trodes^ff i°"Lve norr^-" "-^^ ''^"^^^S^" 

°f hour prior to 21^ ' 

the base ^^'a o ^w thel fe ?^ 

shaJ] be clean Th. ^ . " deposited 

preheat temperature shall not be Jess than 



60°F (le-Q and the interpass temperature shili 
exceed 300'F (,50'C). The s.ag shall be remo ed afl" 

passes. The d.mens.ons of the completed pad shall Z 

S stc'fi H^ '^'^c 'his assembly ha ^ 

as specified ,n Section 9, Chemical Analysis. 

8.4 Groove Weld 

"'<:>>">i«>l Properties and Sonndne,. « 

^-^-^ J'"2»s^«'-se Tension and Bend Tests A 
St assemb y Shall be prepared and welded asl^fied 

speciLl^bi'rTeS;/^^^ ^'^T''^ '^P^ 
Test. TT,e assembly shall be tested in the aged cond^'n 

s i^TtV ^PP^^P"^'^ specifiel in -? b f 

ana r.gs. j and 6 according to the size and classifies 
tion of electrode. Testing of the assembly shair^"' 
spec/ied in Section 14, Fillet Weld Test 

5*- Chemical Analysis 

9.1 The sample for analysis sh-^Il » u 
weld „e,a, ob.ained wi,h S J^tLT -^e" 7 

area in the fractured alj-weld-metal t^r,c-^ """on 
orthe g^oove weld in Figs.' 2^5. 'Z^:^:^ 
starts or craters exist shall be avoided 

The top surface of the pad described in » ^ 
shown in Fig 1 shall u/ """^"^^^ 'n 8.3 and 
r-Jg- i sftali be removed and discirH<>H 
and a sample for analysis shall be obtained from S 

the bTJe mJ"al.''-' ""^^ ''""^ ^ ^^-e of 
^The low dilution area in the fractured tension test 
specimen or m the groove weld in Figs. 2 or 5 sl^a 
be^ p^pared for analysis by any suitable mechanical 

caf melh'oTTh! '''f' ''^ •''"^'^-^ --pted nnnly.i- 
. niemocJs. The referee method shall be c/ 
*rd Me,ho<, E350. CW„, J «™ 1^ 
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(A) TEST ASSEMBLY SHOWING LOCATION OP TEST SPECIMEN 

— T/2 




SI Equivalents 



Electrocte Size 
»n. mm 



weldCJ^ section aa weldC'^ 

(B) OR.E^^AT,ON AND LOCATION OF , _ 

IMPACT TE ST SPECIMEN LOCATION OF ALL-WELO-METAL 
TENSION TEST SPFCIMpki 



in. 

1/4 
1 
5 
10 



mm 
6.4 

25 
127 
254 



3/32 

1/8 

5/32 

3/16 

7/32 

1/4 

5/16 



2.4 

3.2 
4.0 
4.8 
5.5 
6.4 
8.0 



Ptate Thickness 
|n, mm 



1/2 
1/2 
3/4 
3/4 
3/4 
1 



Root Opening 
^. mm 



13 
13 

20 
20 
20 
25 



1-1/4 32 



3/8 
1/2 
5/8 
3/4 
7/8 
1 



10 
13 
16 

20 
23 
25 



Passes 
Per Layer 



1-1/8 28 



2 
2 
2 
2 
2 
2 
2 



Total 
Layers 



i^^t specjfie<J 

5 to 7 
7 to 9 

6 to 8 
6 to 8 

9 to 11 

10 to 12 



Notes: 



tn TaWe 4. ^^s^on. using each type of current speafied in t«ki^ ^ 



FIG. 2 



GROOVE WELD TEST ASSEMBLY FOR MECHANICAL PROPERTIES AMn . 

E6022 AND E7018M ELECTRODES SOUNDNESS EXCEPT FOR 
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1 MJN 




(A) TEST ASSEMBLY LOCATIONS OP THST SPECIMENS 



WELD C ^ 

^ SECTION AA 

(B) ORIENTATION AND LOCATION 
OF IMPACT TEST SPECIMEN 




SI Equivatents 
j^- mm 



VVELDQ ' 

^ SECTION BB 

(C) LOCATION OF ALL-WELD-METAL 
TENSION TEST SPECIMEN 



1/8 
1/4 

a/8 

1/2 
3/4 



5 

10 



3.2 
5.4 
9.5 
12.7 
19.1 
25.4 
127 
254 



Notes: 

5. Tt» assent * °^ °' ^ 

"•"^octe and w^^,«l^^ ^'^ ^) «nd e^ter in i^TSrvT^T^^^f^ ° »™3 "ess in «e 



As 



FIG. 5 
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PART C - SPECinCATIONS FOR WFXDING RODS 
ELECTRODES. AND FILLER MF^TALS 

TABLE 5 

BASE METAL FOR TEST ASSEMBLIES 



AWS Classification 



AM 



Type 



Carbon steel 



Base Metal 



ASTM Specification* 



A131 Grade B 
A285 Grade A 
A285 Grade B 



UNS ■ 
Number'' 



KO2102 
K01700 
KO220O 



S FA -5.1 



All except E7018M 



K02801 




9.3 The results of the analysis shall meet the require- 
ments of Table 7 for the classification of electrode 
under test. 



10. Radiographic Test 

10.1 When required in Table 4. the groove weld 
descnbed m 8.4.1 and shown in Fig. 2 or 5 shalT be 
jadtographed to evaluate the soundness of the weld 
metal. In preparation for radiography, the backing shall 
macZT ' °f ''^^ -^'^^ ^hall be 

easolht ^ ^"'^ '""^ P'^'« °r have a 

reasonably un.form reinforcement not exceeding in 

Se^, vt ^"°"gh to avoid 

a'tnculty m interpreting the radiograph. 

wU^'L^Z'^t "I'f ^ radiographed in accordance 
be 2 2T. ^"^^ """"^ '"^P^'^''"" ^hali 

10.3 The soundness of the weld metal meets the 

~Litilt - ~ 

Joim pe:et;:S>'^- "° incomplete- fusion or incomplete 
or no °^ whichever is greater 

'ength 12 times the thickness of .he vyeld. except 



eTce"eds'6t"'""K'r''" '''' ^"^^"^'^ '-'--"s 
fn th:';!;;.'"" '^-^^^ 'on^es. inclusions 

teil^ttr'n'"'' '"'u'"'"'^"' °f 'hose permit- 

ed by the radiographic standards in Fig. 7 accordine 
to the grade specified in Table 8 '''ccordmg 

.n?"f """^ ^^"1 "measured from each 

etirltlo:.^"^"^"'^ ^-•"'^^'^ -'''ographic 

rJ-^''* indication is an indication (on the 

ts wid^R ""^r: '"^" "° """^^ 'hrel time^ 

con.cal. or irregular in shape, and they may have "tails 

of ^he"^ ' '^^^ dimension 

of the indication, including any tail that may be present 
The indication may be porosity or slag. Indications 
whose largest dimension does not exceed •/« in 0 4 
rnm) Shall be disregarded. Test assemblies Wit^po^oSy 

penm.tted ,n the radiographic standards do not meet 
the requirements of this specification. 



il- Tension Test / 

be mih°"^'r'"''"''"""" ^P^^''"^" shall 

be machined from the groove weld described in 8 4 I 

Shall be as shown in Fig. 8. 

11.2 For E6022 electrodes, one traverse ten.sion test 
■^pecmen shall be machined from the groove JeTd 



13 



SKA-5.1 



2001 SECTION n 



AXIS OF WELD HORIZONTAL 




PLATE HORIZONTAL 
(A) OVERHEAD RLLET WELDS 




AXIS OF WELD HORIZONTAL 



AXIS OF WELD 
VERTICAL 

(B) VERTICAI. FILLET WELDS 




PLATE 

HORIZONTAL 



FIG. 6 WELDING POSITIONS FOR RLL 



(C) HORIZONTAL HLLET WELDS 



ET WELD TEST ASSEMBLIES 



described in 8.4.2 and Fig. 4. Tt^e dimensions of the 
specimen shall be as shown in Fig. 9. 

rJ]'^ '^^J^^sion specimens for all electrodes except 

11.4 The results of the tension test shall meet the 
requirements specified in Table 2. 

12. Bend Test (For E6022 Electrodes Only) 

in Sl^T f'^- bend specimen, as required 

n Table 4 shall be machined from the groove weld 
test assembly described in 8.4.2 and shown in Firi 
Dimensions of the specimen shall be as shown in Fig 10 

.o room temperat J:°; ^^^t 

12.3 The specimen shall be tested tv. 
described in th^ K^^^ . - " manner 

-e:ft:rsrrer::.^::r^---^ 

/4 .n. (19 mm) radius, with an appropriate allowance 
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for springback and the weld metal shall not contain 
openings in excess of '/» in (3 2 mm^ nn ,k 
surface. ^ " convex 



13. Impact Test 

Fif ■lVtr.n'"r^' i-pact test specimens, 

fig. 12. shall be machined from the test assemblv 
shown in Fig. 2 or 5. for those classifications Sr ^H 
impact testing is required in Table 4. 

13.2 The five specimens shall be tested in accordance 

^0 L'TTJr'T''' •"'^"^ section Of .^1 
.B4.0. sj^ndard Methods for Mechanical Testing of 

•?^bt%^' 'r^'"'"'' ^ specified in 

Table 3 for the classification under test. 

13.3 In evaluating the test results for all the classifica- 
ions that require impact testing, except E7018M the 

Tw^'of" he ^^^^"".^^'^^-'^ ^'^^'be disL'^idld^ 

1 wo of the three remaimng values shall equal or 
exceed, the specified 20 ft-lb (27J) energy level One 

]b (201^^"'" >owef than 15 ft! 

b (20J). The average of the three shall not be less 
than the required 20 ft-lb (27J) energy level. 

13.4 In evaluating the results for E7018M. all five 
be less than ,he required 50 ft-lb (67J) energy level. 



PART C _ SPECinCATlONS FOR WELDING RODS 
ELECTRODES. AND FILLER METALS 



SKA -5. 




Notes: 

2. The diameter of the specimen w«f,i„ tK- ^, ^"^^^ »="ong as the load is 
3 W^^r^ P^^c:^:^.:^ 9^^^.^^ s,^htV sma,^ a. the center than a, .he er^s The di« 

3. When the oxtensometer is roouirprt ,^ ^. • tJ-fterenoe shall 

. elongation shail be based on d:;;:^^^'"^'" ^ C may be modified. How^w ^ . , 

-Theso.ace,^h.n.n.hec.mensionsha„beho,.o.her.^^ Percent o, the 

HG. 8 ALL-WELD-METAL TENSION TEST SPECIMEN DIMENSIONS 



8 MIN 



1/4 



p are n 

^eid rBinforcement 



"A" 



2 M^M 



^* ^ ^'^^ensioas are rn inches 



9. OF WELD 
s^' be grouod or machined smooth 



SI Equtvatenti 



in. 



mm 



]0 

-II- 



^ 1-1/2 ± 1/16 38.1 ±16 

t 2 51 

1-1/2 ±1/16 ® 203 



1/4 



.e par., o, - diil^^of^ J^JT ^ — or the spe«_. 



Of machining 



■ 9 TRANSVERSE TENSION TEST SPECIMEN ( 



nation 
all be 

ind of 

shall 
to be 

suffi- 
in 
both 

ifica- 
it. . 



otect 
nder 
shall 
neti- 
: the 

I be 
east 
3om 
that : 
(25 I 
n is 
;am 
not 

sed 



ni- i 
ich I 

■ns I 



tLbCTRODES. AND FILLER METALS 



o 



Mandatory Classification Designators:- 



SFA-5.1 



.X 



EXX YY_j- 

EXX YY M 
EXX YY -1 H2R 



" Ocsignaics an electrode This d^co . 
required for idcntincation oHhrSlodr' '^'"'^ '^^"^ ^-^-t im.nnr 
I>esjgnates the tensiJe str^-nbtK / - 

Designates „ cl«ro<.= CEVOISMI ■ , .7 ^ '■ 



Optional Supplemental Desig„a,ors: 
Designates that the electrode meets the r.n. " 

Designates that the electrode mro.c ,k 

tional supplemental lest of the ^ d me,?iT""^'"'' ^'"""^'Wc hydrogen test 

Designates that the clccirr^d^ rp-^r.,z r-^^. . 



Note: 



- Designates that the electrode CE701 6 F7n 1 



, ^ — - lu lao 

^e ,„,^„^„ ^^^^^^^^^^^^ 



FIG. 16 



WARNING: 

un^i?* ?^ T""^'^ ^"^ Read and 

GASS""' ^l;'^ J"^o-at.or,. FUMES AND 
ARC^Y? be dangerot^. to your health. 

' tt:t":; MateS "t^r -nufacturer-s 

- your ^:^fs!s^^:'^'''' 



• Keep your head out of the fumes 

• Use enough ventilation, exhaust at the arc or both ,n 

^',^7^ sr ™- --5^""* - 

^ras, zy ehK i910. availab e from the TF <3 
-ent Printing Office. Washington. D C 

DO NOT REMOVE THIS INFORMATION 




El?™nJfJ'.^°'' LOW-ALLOY STEEL 
ELECTRODES FOR SHIELDED METAL ARC 

WELDING 




(JdiHkal wi,h AWS Spoci/ic„i„„ aS.5-96.) ' 




I. Scope 

This specification prescribes requirements for the 
class.ficat.on of low-alloy steel electrodes for shielded 
metal arc welding of carbon and low-alloy ee s 
These electrodes include steel alloys in which no single 
alloying element exceeds 10.5 percent ^ 



'I- Certification 

the product, the mlSSe^'cenifi S tlTthe"'^" " 
-eets the requirements of this spLclficattln'^ 



PART A _ GENERAL REQUIREMENTS 
2. Classification 

t.on are class.fied according to the following 
(aj type of current (Table 1) 

(b) Type of covering (Table 1) 

(c) Welding position (Table 1) 

M Metf ':°'"P°^"'°" °f ^« -eld metal (Table 2) 
as-wel^S "'"^ °f '""^ '""al in the 

as welded or postweld heat-treated condition (Tables 3 

nofted^SL^'^f ""'^^ °- classification shall 
^Pecifica^on ' '"^ classification in this 



^* Acceptance 

--S" w'it h't^e^ ^^'''""^ - 
A5.01 /r,/, , ?f 'he provisions of the ANSI/AWS 
"/er A/era/ /'roc«re/7,en/ Guidelines. 

''"n\^otcer"i;?/",'^r''''''"" APP«"'""o. for fuaher inform-. 



5.1 U.S. customary units are the standard unite 
measure .„ this specification. The SI units are^ven 

stanTn '° "-S- '^"^'^--'y units 

stanaard sizes and dimensions in the two sv.rem. 
not .d ,,,, ^^^^^ ,,rrs o' ^m": 

andard s.ze or dimension in one system wi^l not 

siis of b!th ^ «-°-Pa"ing standard 

-rULTe\r,i^ri;^cr.-^-'^^ 
in accordaSrw-r ti rd?Zfrr:;s'7 ^""^ 

Digils in Test Data to DeteZin/ r Signtficant 
Specifications ^eterrmne Conformance ^ith 



curvmeni Guidelines 



md 



■SceSection A4. Ccrtific.niion(iniheAnn"xVf. f u • 

rct|uircnicni. 't^Minj, tailed for to meet (his 
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RODS. 



SFA-5.5 



I 



AWS 
Classification'^ 



E7010-P1 
E7010-A1 
E7010-G 
E7011-A1 
E7011-G 
- E7015-X 
E7015-B2L 
E7015-G 
E7016-X 
E7016-B2L 
E7016-G 
E7018-X 
E7018-B2L 
E7018-C3L 
E7018-W1 
E7018-G 
E7020-A1 
E7020-G 
E7027-A1 
E7027-G 

E8010-P1 

E8010-G 

ESOll-G 

E8013-G 

E8015-X 

E8015-B3L 

E8015-G 

E8016-X 

E8016-C3 

E8016-C4 

E8016-G 

E8018-X 

E8018-B3L 

£8018-03 

E8018-C4 

E8018-NM1 

E8018-W2 

E8018-G 

t90lO-G 
E9011-G 
E9013-G 
E9015-X 
£9015>G 
E9016-X 

^9018-X 



Tensile Strength 



TABLE 3 
TENSION TEST REQUIREMErsiTS^-" 



ksi 



Yield Strength, at 0.2% Offset 



MPa 



70 

70 

70 

70 . 

70 

70 

75 

70 

70 

75 

70 

70 

75 

70 

70 

70 

70 

70 

70 

70 



80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

80 

90 

90 

90 
90 
90 
90 
90 
90 
90 
90 



480 

480 

480 

480 

480 

480 

520 

480 

480 

520 

480 

480 

520 

480 

480 

480 

480 

480 

480 

480 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

620 

620 

620 

620 

620 

620 
620 
620 
620 
620 



ksi 



MPa 



60 
57 
57 
57 
57 
57 
57 
57 
57 
57.- 
57 
57 
57 
.57 
60 
57 
57 
57 
57 
57 

67 
67 
67 
67 
67 
67 
67 
67 
68 to 80^ 
67 
67 
67 
67 
68 to 80' 
67 
67 
67 
67 

77 

77 

77 

77 

77 

77 
77 
78 to 90^ 
77 
77 



415 

390 

390 

390 

390 

390 

390 

390 

390 

390 

390 

390 

390 

390 

415 

390 

390 

390 

390 

390 

460 
460 
. 460 
460 
460 
460 
460 
460 
470 to 550' 
460 
460 
460 
460 
470 to 550' 
460 
460 
460 
460 

530 

530 

530 

530 
530 
530 
530 
540 to 620* 
530 
530 



Elongation 
Percent 



22 

22 

22 

22 

22 

25 

19 

25 

25 

19 

25 

25 

19 

25 

25 

25 

25 

25 

25 

25 

19 

19 

19 

16 

19 

17 

19 

19 

24 

19 

19 

19 

17 

24 

19 

19 

19 

19 

17 

17 

14 

17 

17 

17 ■ 

17 

24 

17 

17 



Postweld 
Condition** 



AW 
PWHT 
AW or PWHT 

PWHT 
AW or PWHT 
PWHT 
PWHT 
AW or PWHT 
PWHT 
PWHT 
AW or PWHT. 
PWHT 
PWHT 
AW 
AW 
AW or PWHT 

PWHT 
AW or PWHT 

PWHT 
AW or PWHT 

AW 
AW or PWHT 
AW or PWHT 
AW or PWHT 
PWHT 
PWHT 
AW or PWHT 
PWHT 
AW 
AW 
AW or PWHT 
PWHT 
PWHT 
AW 
AW 
AW 
AW 
AW or PWHT 

AW or PWHT 
AW or PWHT 
AW or PWHT 

PWHT - 
AW or PWHT 

PWHT 
AW or PWHT 
AW 

PWHT 
AW or PWHT 
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AWS 
Classification*' 



Tensile Strength 
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TABLE 3 (CONT'D) 
TENSION TEST REQUIREMENTS^'^ 



Vield Strength, at 0.2% Offset 



ksi 



MPa 



ElOOlO-G 
ElOOll-G 
b'10013-G 
E10015-X 
E10015-G 
E10016-X 

Elooas-G 

E10018M 
E10018-X 
ElOOlS'G 



ksi 



EllOlO-G 
EllOll-G 
E11013-G 
E11015-G 
E11016-G 
E11018-G'" 
E11018M 

E12010-G 
E12011-G 
E12013-G 
E12015-G 
E12016-G 
E12018-G 
E12018M 
E12018M1 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

110 
110 
110 
110 
110 
110 
110 

120 
120 
120 
120 
120 
120 
120 
120 



MPa 



690 
690 
690 
690 
690 
690 
690 
690 
690 
690 

760 
760 
760 
760 
760 
760 
760 

830 
830 
830 
830 
830 
830 
830 
830 



Elongation 
Percent 



87 
87 
87 
87 
87 
87 
87 

88 to 100 
87 
87 

97 
97 
97 
97 
97 
97 

98 to 110 

107 

107 

107 

107 

107 

107 
108 to 120 
108 to 120 



600 
600 
600 
600 
600 
600 
600 
610 to 690' 
600 
600 

670 
670 
670 
670 
670 
670 
680 to 760*" 

740 
740 
740 
740 
740 
740 
745 to 830*^ 
745 to 830* 



16 
16 
13 
16 
16 
16 
16 
20 
16 
16 

. 13 
15 
13 
15 
15 
15 
20 

14 
14 
11 
14 
14 
14 
18 
18 



Postweld 
Condition'* 

AW or PWht 
AW or PWht 
AW or PWht 

PWHT 
AW or PWht 

PWHT 
AW or PWht 
AW 

PWHT 
AW or PWHT 

AW or PWHT 
AW or PWHT 
AW or PWHT 
AW or PWHT 
AW or PWHT 
AW or PWHT 
AW 

AW or PWHT 
AW or PWHT 
AW or PWHT 
AW or PWHT 
AW or PWHT 
AW or PWHT 
AW 
AW 



NOTES: 

a. See Table 5 for sizes to be tested ~ '' — 

c Th^lPtt'""",.''' rninimum, except as otherwise specified 

e For V Z ?o ! ^"^ Purchaser. '^^"^ "^'^ '^^^ ''^^^ ^eld metal tested with or without 

- , .n. C2.4 electrode. tHe .pper .a.e for the We.d stren.H .a. be 5 .si .5 MPa> bi.ber t.an tHe indicated .I.e. 



hydrooen electrodes, that have not been adequately 

497^rw ^^"^P^^^^^^^ of 500° to 800°F (260' to 
427 C) for a minimum of one hour prior to testing. 

8.3 Weld Pad. A weld pad, when required .hill 
be prepared as specified in Fig. ]. Base meta of^ " 
convenient size of the type specified in Table 6 shall 
the b.t" "^^^ P^^- -^^ace o 

^sha)) be clean. The pad shall be welded in the flat 
posuion wuh multiple layers to obtain undiluted weld 

I tP ''""^ '"'"^^^^'^ temperature shall not 
exceed 300°F (150X). Each weid pass shall be a single 



straight pass with the pass width not exceeding 2V2 
times the diameter of the core wire. TTie slag shall be 
removed after each pass. The pad may be quenched 
m water between passes. The dimensions of the com- 
pleted pad shall be as shown in Fig. 1. Testing of this 
assembly shall be as specified in Section 9, Chemical 
Analysis. 

SA Groove Weld 

8.4.1 Mechanical Properties and Soundness. A 
test assembly shall be prepared and welded as specified 
in Fig. 2 or 4 using base metal of the appropriate type 
spec./ied in Table 6, of thickness speciHcd in Fi^ 2 
or 4. Testmg ol this as.sembiy shall be as specified in 
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E7 
E8' 



Ei: 



E7( 
E8C 

ESC 
E8C 
E8C 

E80 
£80 
E90 
ElO 
ElO 

E70: 
EBO: 
E90: 
EIH 

E80 

Eso: 



E70: 

E7o: 

E70 
E80 
ESO 

E70} 

E70 

E703 

E90] 

EXX 
EXX 
EXX. 
EXX 

NOTI 

a. Tl 
ot 

b. In| 
sp 
B( 
sh 
sh 
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E (X)XX YY -X 



E (X)XX YY M 
E(X)XX YY MJ 
E (X)XX YY M-H2 
E (X)XX YY Ml -HZ 
E (X)XX YY -X-HZ R 



Mandatory Classiftcalinn Designators*: 

Designates an electrode. This designator may be deleted fmn, .h. 
actual product ..print required for the .denfifl^atlo;"? L^Tlectrode. 



P?s.gnates the tensile strength (niinimum)/in ksi of the welH m.,.! 
when produced in accordance with the test assemhlv l weld metal 
of this specification. See Table 3 = ^ Pr^parat.on section 



Designates the welding position in which electrodes are usable ,h. . 

s:: Ta^r ''''' -'--^^ e,e:t:oderar:^;;!;:r 



^^^^''T^'^l"^'"''"^' '=°"'POS«ion of the undiluted weld metal 



Designates an electrode intended to meet most 
military requirements (greater toughness and 
elongation). See Tables 3 and 4 



Optional Supplemental Designators: 

Designates that the electrode met the requirements of the absorbed 



Designates that the electrode met the requirements of the diffusible 
hvdrof " T -PPlemental test of the weld m al from low 

e?ceedtr?"':;rrH""' ^-^-^-^^ " with an average v ^e 
4 "r^^stlee^at 2^ '''' ^^"^ 



•The combination of these designators constitutes the electrode class^cation. 

na..U ORDER OP ...CTROOE MANOATORV A.O OPTIONAL SUPPLEMENTAL OESICNATO 
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